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Improved Detector 

Field of the Invention 

The present invention relates to a detector particularly, but not exclusiveiy, an 
aspirated smoke detector. 

5 Background 

The detection of small particles in aspirated air (inferred as smoke) is commonly used 
as a method of detecting overheated components or a fire. The more sensitive a 
smoke detector is, the earlier it is able to detect smoke. Early detection of smoke 
provides more time for action to be taken once smoke has been detected. In this 
10 regard, laser based aspirated smoke detectors have become commercially successful 
as early warning detectors of smoke. 

A typical aspirated smoke detector will have a detection chamber including a light 
emitter and light detector(s), an aspirator for moving sample through the detector 
chamber, and be connected to ducts to bring the sample from a monitored area. The 

15 ducts typically form a network to enable sample to be monitored from more than one 
zone or area. Each zone may have a different ambient pressure depending on such 
factors as ventilation, door location etc. The flow rate along the duct must enable 
smoke to be detected within a pre-determined time frame, for example, 1 minute from 
entry into a duct of the smoke detection system. For this reason, forced aspiration of 

20 the smoke detector is very important. In order to overcome problems in pumping the 
sample through a number of pipes where there may be differing pressure gradients 
larger more powerful aspirators have been used. 

Other constraints are typically placed on smoke detection systems, such as being able 
to operate in the event of a power failure. Typically, a smoke detection system must 
25 continue detection in the event of a primary power failure for a period of 24 hours. 
Additionally, after 24 hours with no primary power, the detector must also be able to 
sound an alarm for a further period of 30 minutes. The smoke detection system 
therefore requires sufficient power from a backup system. Problems with known 
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detectors include their power requirements, including the back-up power requirements 
for the detector to operate in a no power situation. 

Further constraints on a smoke detector system are imposed on its size in some 
applications. One application where smoke detectors are increasingly being used is in 
5 or around cabinets containing electronic equipment, such as computers. The 

computers may be servers holding important or valuable information. It is therefore 
very important to be able to provide early detection of smoke in the cabinet so that the 
server may be shut down in an orderly fashion, to ensure data is not lost and the 
functions of the server may be transferred, to an alternative machine. In-cabinet 

10 detectors are therefore an important market segment. As cabinets are limited in size, 
the smoke detectors must also be limited in size. It should be noted that size is 
important in a number of applications, for example, it may be desirable to place 
aspirated smoke detectors in vehicles that have limited amounts of room, such as 
aircraft. Further, reducing the size of the detector and associated apparatus generally 

15 reduces power consumption, reduces material cost, and allows the detector to be used 
in a wider variety of applications. Aspirated smoke detectors are generally more 
complicated, larger and expensive than traditional point detectors, and reducing cost 
and size would allow an aspirated smoke detector to be used in a wider range of 
applications, such as single or adjoining rooms. 

20 An additional constraint placed on in-cabinet detectors is that the detector should not 
require any maintenance for an extended period, for example, 10 years. Components 
in the smoke detector wear and fail, and premature failure of known smoke detectors 
is a problem. 

One component of a smoke detector that is critical to the detection of particles, and 
25 therefore smoke, is the detection chamber. A laser emits a beam of light and smoke 
particles scatter some of the light onto a detector. An increase in the amount of 
scattered light indicates an increase in the amount of particles (eg smoke) passing 
through the detection chamber. Detectors commonly include or are associated with a 
light trap, where the light that has passed through the detection chamber is received. 
30 Known light traps use a material which absorbs some of the light and reflects the 
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remainder into the body of the light trap. The light usually undergoes a number of 
reflections before the remaining light travels back into the chamber, where it may 
interfere with the scattered light. Given the extreme sensitivity of the detector, even 
small amounts of light returning from the light trap will impair the function of the 
5 smoke detector. 

The amount of light returning to the detection chamber can be reduced by increasing 
the number of reflections of the light. However, in known light traps for smoke 
detectors, this has resulted in an increase in the size of the light trap. This is 
undesirable in a small detector. A problem exists in providing a better light trap that is 
10 of reduced size compared to existing traps, while maintaining an efficient collection 
of unwanted light. 

Object 

The present invention seeks to address at least one of the problems associated with 
known detectors. 

15 Summary of the Invention 

In accordance with one aspect of the present invention there is provided a detector 
having a sensor, a controller, an aspiration system, and a power source, whereby the 
aspiration system includes two or more aspirators. 

The provision of multiple aspirators allows the detector to operate over a greater flow 
20 rate range and may also extend the service life of the detector as, in general, only one 
aspirator is in use at any one time. This also provides the advantage that if one 
aspirator fails the second aspirator may still operate, extending the overall life of the 
detector. This is based on the surprising discovery that a common failure mode of 
aspirated detectors is failure of the aspirator itself due to failure of a bearing. 

25 The aspirators may be operated cyclically during normal operation, such that only one 
aspirator is operated at a time. Once advantage of this arrangement is the life of the 
detector will be extended considerably compared to a detector having a single 
aspirator. 
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The detector may include a detection mechanism for determining whether either 
aspirator is operational. One advantage of this embodiment is, if one aspirator fails 
another may be operated to ensure the detector operates within specification. 

The detection mechanism may include a flow meter for estimating the flow rate 
5 through a detection chamber of the sensor. In this way the detector can be operated 
within specification in relation to the detection of smoke. 

The detection mechanism may also include a flow meter for estimating the flow rate 
through the detector as a whole. This provides another check on aspirator 
performance and consequently ensures that the detector unit operates within 
10 specification. 

The controller may be adapted to operate more than one aspirator at a time. One 
advantage of this embodiment is that the flow rate through the detector unit can be 
increased if required, for example in a test. 

The sensor, aspiration system and controller may be mounted on a printed circuit 
15 board. 

In accordance with another aspect of the present invention there is provided a method 
for operating a detector having a sensor, at least two aspirators, and a controller for 
the aspirators, including the steps of: 

(a) operating a first aspirator for a predetermined period; 
20 (b) turning off the first aspirator after the end of the predetermined period; 

(c) turning on another aspirator for a second predetermined period to continue 
airflow to the smoke sensor. 

such that only a single aspirator is operated for the majority of the predetermined 

period and airflow through the sensor is maintained above a minimum predetermined 
25 flow rate. 

In another aspect, the present invention provides a detector having a housing and a 
trap for absorbing output from a laser used to detect particulate matter passing through 
the detector. The trap includes an absorption plate orientated substantially at a 
Brewster angle to the laser light. 
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In an embodiment, the absorption plate is constructed from the same material as the 
housing. 

In an embodiment, a polarisation plane of laser light incident on the plate is so 
orientated that the plate absorbs the majority of the incident light. In this way, 
5 virtually all light will be absorbed at the plate, and negligible quantities of light will 
be reflected for subsequent escape back into a detection chamber of the detector. This 
arrangement reduces the size of the trap while retaining the performance of a larger 
device. 

In one embodiment, the detector is a smoke detector. 

10 Brief Description of the Drawings 

The present invention will now be described, by way of non-limiting example only, 
with reference to the following drawings, in which: 

Figure 1 shows a schematic block diagram of an aspirated smoke detector of 

the present invention; 
15 Figure 2 shows a schematic representation of a first embodiment of the 

aspirated smoke detector of figure 1 situated in a three bay cabinet; 

Figure 3 shows a schematic representation of a second embodiment of the 

aspirated smoke detector of figure 1 situated in a three bay cabinet; 

Figures 4a and 4b show schematic representations of the aspirated smoke 
20 detectors of figure 1 located adjacent to rooms; 

Figure 5 shows a representation of a light trap in accordance with another form 

of the present invention. 

Detailed Description 

A schematic view of a smoke detector 1 is shown in Figure 1 as including an 
25 aspiration system 10 and a smoke sensor 15, mounted on a printed circuit board 

(PCB) 13. The aspiration system 10 has two aspirators 16a, 16b that serve to draw air 
through the detector 1, from inlet port 25, that may be integrally formed in the PCB 
13, to an exhaust 28. Air is also caused to pass through an aperture 55, for 
introduction to a detection chamber 12 of the smoke sensor 15. Flow sensors 22, 53 
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and control circuitry (not shown) are also mounted to the PCB 13, with additional 
components required for the operation of the detector 1, as will be described below. 
The flow sensors 22, 53 are preferably in the form of flow meters. A variety of flow 
meters are able to be used in the present invention, including a resistive temperature 
5 device such as a thermistor. 

The flow sensors 22, 53 together form a detection mechanism 3 for estimating flow 
rate either individually or collectively through the detector 1, as a whole, or the sensor 
15 above. 

First aspirator 16a and second aspirator 16b each have respective housings (not 
10 shown). In the present embodiment, the PCB 13 is itself also mounted in a housing 
(not shown). A bulk filter 52, which filters all the air entering the housing, may also 
be located within the housing, or in a sample pipe coupled thereto. 

In operation, an air sample enters the detector 1 through a sampling network 51, 
which includes, for example, ducts 24 shown in Figure 3. The sample passes through 
15 inlet port 25 then through aspirator 16a and 16b. Most of the sample is immediately 
exhausted from the detector 1 through exhaust 28. The remainder of the sample that 
is not exhausted, passes through a sample pick up point in the form of the aperture 55, 
which may also be integrally formed in the PCB 13. From the aperture 55, the sample 
is diverted into two streams, being the sample stream 57 and ventilation stream 59. 

20 The ventilation stream 59 passes through aperture 79, also formed in the PCB 13, and 
then passes through filter 19 where further particles are removed, to become "clean" 
air. The clean air flows in to detection chamber 12 where it is used to keep sensitive 
parts of the detector free from deposited particles. Particles from the sample air are 
known to interfere with certain workings of the detector. 

25 The clean air is separated into three flows where it is directed through apertures (not 
shown) in the PCB 13 to the region of a light detector 17, a retrosorber 23 and a laser 
light generator 11, which are all housed in detection chamber 12. It has been found 
that a flow of clean air can be used to protect the light detector 17, retrosorber 23 and 
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laser light generator 1 1 by keeping the respective surfaces clean and functioning 
optimally. 

The sample air that does not pass through the clean air filter passes through an 
aperture 77 in the PCB 13, past a second flow sensor 53 into detection chamber 12 
5 through inlet 61 (as shown in figure 5). The sample air passes through a detection 
volume 60 where some of the entrained particles scatter light onto a detector 17 
mounted to the PCB 13. The sample then exits the detection chamber 12 through 
exhaust 62. Exhaust 62 passes the sampled air back into the air flow that passes 
through the aspirators 16a, 16b. 

10 As only a small portion of the total sample air enters the aperture 55 to be diverted to 
the detection chamber 12, very little sample air is recirculated for a second or further 
circuit through the detection chamber 12. Control systems may be calibrated to 
compensate for the small amount of recirculated air when warning of excess particle 
detection possibly indicating smoke. 

15 In the above-described detector, there is a main sample path 20 and a sample loop 21 . 
The main sample path 20 includes the sample entering the detector 1 from the 
sampling network 51, being filtered, passing through the aspirators 16a and 16b, and 
exhausting the system through exhaust 28. The sample loop 21 passes through the 
detection chamber 12, and includes taking a sub-sample of the main sample from 

20 downstream of the aspirators 16a, 16b, and passing that sub-sample through the 
sensor 15, where it is exhausted into the main sample path 20 upstream of the 
aspirators 16a, 16b. This system has many advantages, including the advantage that 
the pressure gradient across the detection chamber 12 is increased by placing the sub- 
sample pick up point or aperture 55 at a location having high pressure, and exhausting 

25 the sample to a low pressure area (before the aspirators 16a, 16b). This is important 
as the sample loop 21, including the detection chamber 12, typically has a high 
resistance to flow. 

An advantage of the present embodiment is that the first flow sensor 22 in the main 
sample path 20 detects the speed of the sample flowing through the detector 1, 
30 whereas the second flow sensor 53 in the sample loop 21, detects the speed of the 
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sample flowing through the sensor 15. The use of two sensors 22, 53 provides a 
better resolution of the flow of sample air into the detector, whereas the second flow 
sensor 53 provides information regarding the amount of flow actually reaching the 
detection chamber 12. 

5 As shown in the cross sectional drawing of the detection chamber 12 in figure 5, the 
detection chamber 12 includes a laser light generator 11 formed of a laser 66, lens 68 
and filters 70 arranged to produce a light beam 72. The light beam 72 passes through 
the detection volume 60, and into retrosorber 23. Some of the light beam 72 is 
scattered by particles in the air flowing through the detection volume 60. Some of the 
10 scattered light is detected by the detector 17 in a known manner, and this information 
is relayed to an known alarm system that typically has preset thresholds for particle 
detection. As in present alarm systems, if the level of particles detected per unit of air 
exceeds the preset limits, an alarm may sound. 

The vast majority of the light reaches the retrosorber 23, which is in the form of a 
15 light trap 70 for absorbing output from the laser 66, where it must be prevented from 
re-entering the detection volume 60. The trap 70 includes a plate 71 with an initial 
impinging surface 74, and a further reflection surface 76. The material of the initial 
impinging surface 74 is chosen such that, at a predetermined (Brewster) angle for that 
material or substantially thereat, a higher proportion of the light is absorbed than at 
20 other angles. This greatly increases the amount of light being absorbed by the 

impinging surface 74. Preferably, the light is substantially polarised and oriented in a 
predetermined plane, as this increases the absorption of the light at the Brewster 
angle. Similarly, the light is preferably substantially monochromatic, as the Brewster 
angle is dependent on the frequency of the light. It has been discovered that a laser 
25 diode produces a suitable monochromatic light source that is sufficiently polarised. 
However, other substantially monochromatic or polarised light sources are suitable. 
In another form, the light source may be a broad-spectrum unpolarised light source, 
wherein appropriate filters are placed in the detection chamber 12 to produce a 
substantially monochromatic polarised light beam. 
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The initial impinging surface 74 is ideally substantially planar. In the present 
embodiment, the reflection surface 76 is approximately parallel to the impinging 
surface 74. 

The arrangement of the retrosorber 23, or light trap 70, results in the light impinging 
5 on the initial impinging surface 74, then the reflection surface 76. The light reflecting 
from surface 74 is polarised, but in a plane whereby the advantage of the Brewster 
angle is not achieved. However, it has been discovered that sufficient absorption 
takes place after the first reflection such that orientation of the second surface to the 
Brewster angle for the reflected light is not required. For this reason, impinging 
10 surface 74 and the reflection surface 76 may be parallel, which has significant 

advantages in reduction of the size of the trap 70 and in manufacturing cost. In order 
for the light to exit the retrosorber 23 as shown in Figure 5, the light must reflect at 
least 6 times, resulting in a significant reduction in the light re-entering the detection 
chamber, while reducing the size of the trap compared to known traps. 

15 The reflection surfaces 74 and 76 may be constructed from a polymer material having 
high light absorbency at the Brewster angle and orientated at the correct plane relative 
to the incident light's plane of polarisation. In the present embodiment the material 
used in the surfaces 74 and 76 is the same as the material used for the detection 
chamber 12, as this provides the advantage that the detection chamber 12 can be 

20 moulded from a die in one piece. The use of a common material reduces the number 
of parts required, as well as material and manufacturing costs, while retaining an 
effective light trap 70. If increased performance is required, the surfaces 74 and 76 
may be coated or have specially prepared panels attached. 

Various applications of the detector will now be described in more detail with 
25 reference to Figures 2 to 4. 

As shown in the embodiment in Figure 2, ducts 24 carry air from a monitored zone, 
such as the interior zone 26 of cabinet 1 10, to the smoke detector 1, where it is 
exhausted from outlet 28. 
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During operation, a minimum flow rate is required to ensure that any smoke in the 
sample is detected within a predetermined elapsed time of it entering the duct 
network. The network may be quite large when used to protect rooms, for example 
covering 150m 2 of floor space. Determination of flow rate is also required to 
5 ascertain the concentration of particles in the sample air. In normal operation of the 
present embodiment, a single aspirator 16a or 16b is sufficient to draw air through the 
duct and detector chamber 12 and out exhaust 28. The controller (not shown but part 
of the circuits on the PCB 13) determines which aspirator 16a or 16b is operating, and 
cycles between the aspirators to provide equal operational time per aspirator. For 

10 example, the controller may run each aspirator for a period of 4 hours per cycle, 

alternating between the two aspirators such that each aspirator receives equal time in 
operation. If one aspirator fails, the controller may indicate a fault and transfer power 
to the other aspirator continuously to ensure that the detector system continues 
operating within the set parameters. The cycling process may be time based to ensure 

15 that the aspirators are operational for approximately the same number of hours. 

Alternatively the cycling process may be revolution based, as the aspirators may not 
run at full speed at all times and the controller ideally has sensors to detect motor 
speed. 

The controller is able to determine the sample flow rate required by receiving data 
20 from the flow meters. Therefore an aspirator may be run for a particular number of 
revolutions before the power is cycled to another aspirator. 

When cycling the power to the aspirators, it may be desirable to run both aspirators 
simultaneously to ensure that the sample flow rate is not reduced while one of the 
aspirators reaches operational speed. 

25 Due to the compact size of the smoke detection system, and as the system may be 
housed within a cabinet, performing maintenance on the system is difficult and not 
cost effective. Further, the cost of shutting down a server to service a detector may be 
prohibitive. Therefore, lifetimes of 10 years or more are desirable for these products. 

In another embodiment, shown in Figure 3, the ducts 24 for the detector 1 are situated 
30 at the exhaust of a number of fans 1 12 of cabinet 110. The exhaust fans 1 12 in the 
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cabinet are used to provide airflow through the cabinet to keep the electronic 
components enclosed therein, within an operating temperature range. It is quite 
common for computer cabinets to be ventilated with fans 1 12 as significant heat may 
be generated by the electronic components contained therein. The outlet 28 is situated 
5 such that there is a pressure gradient between the inlet and the outlet to promote flow 
through the detector system 10. This may allow the aspirator to operate at a lower 
speed. 

Periodically during the life of the detector system, it is desirable if not necessary, to 
test the operation of the smoke detector, and in particular, whether the ducts 24 and/or 
10 inlet 25 have become blocked. Blockages have been known to occur, especially in 
situation where there is a high level of ambient dust and airborne material. When 
testing flow rate, both aspirators 16a, 16b may be engaged to increase the flow rate to 
ascertain whether the maximum flow rate reflects the expected value (determined by 
previous testing or known estimates for a particular unit and configuration.) 

15 It is also possible that more than one aspirator can be run at once in adverse 

conditions, for example when running a single aspirator does not produce sufficient 
flow for detection or when air flow times exceed specification. 

When situated in or adjacent to a room, as shown in Figures 4a and 4b, the detector 1 
can be used to detect levels of smoke or other pollutants such as particles suspended 
20 in the air. In the arrangement shown in Figure 4a, a network of ducts 300 may be 

used to sample air from one or more rooms 301 . Alternatively, as shown in Figure 4b, 
the detector 1 may be used to sample air from an air conditioning duct 305 or other air 
transfer mechanism for a room 303, which would reduce the requirement for extra 
ducting. 

25 Ducting may also be removed from the detector 1, as compared to a conventional 

smoke detector, since a number of the detector components are mounted to the PCB, 
on opposite sides thereof, and all interconnecting apertures can be formed directly in 
the PCB. Thus, many of the conduits are merely apertures in the PCB. This reduces 
size as well as construction costs by reducing the number of parts. There is also no 

30 wiring loom on the PCB, as all elements are mounted to the PCB. The reduction in 
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size of the smoke detector 1 is a particular benefit of having the components mounted 
to both sides of the PCB 13, as well as having apertures in the board to facilitate air 
movement. This, in conjunction with the use of small and efficient light traps, can 
reduce the overall size of the apparatus. 

5 Overall, including the abovementioned features can reduce the size of the housing of 
the detector 1 significantly, as well as decreasing power consumption and material 
costs, hi the present specification, the term "clean" air refers to air that has been 
filtered to remove particles that may settle on sensitive parts of the detector. Sample 
air may contain particles that are associated with smoke or other particles to be 
10 measured, and therefore excess filtering of sample air may reduce the sensitivity of 
the detector. The clean air provides a barrier to protect the sensitive parts of the 
detector to prevent particles settling on the surface of the parts, which assists in 
maintaining the sensitivity and calibration of the detector over an extended period of 
time. 

15 Further, throughout the specification, reference has been made to detection of smoke, 
however, it should be appreciated the invention may have application to detection of 
any other type of particulate matter or impurities flowing through the detector. 
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The Claims: 

1 . A detector having a sensor, a controller, an aspiration system, and a power 
source, whereby the aspiration system includes two or more aspirators. 

2. A detector as claimed in claim 1, wherein the aspirated detector includes a 
detection mechanism for determining whether either aspirator is operational. 

3. A detector as claimed in claim 2, wherein the detection mechanism includes a 
flow meter for estimating the flow rate through a detection chamber of the 
sensor. 

4. A detector as claimed in claim 2, wherein the detector includes a flow meter 
for estimating the flow rate through the detector as a whole. 

5. A detector as claimed in claim 1, wherein the controller is adapted to operate 
more than one aspirator at a time. 

6. A detector as claimed in any one of claims 1 to 5, wherein the sensor, 
aspiration system and controller are mounted on a printed circuit board. 

7. A method for operating a detector unit having a sensor, at least two aspirators, 
and a controller for the aspirators, including the steps of: 

(a) operating a first aspirator for a predetermined period; 

(b) turning off the first aspirator after the end of the predetermined period; 

(c) turning on another aspirator for a second predetermined period to 
continue airflow to the smoke sensor, 

such that only a single aspirator is operated for the majority of the 
predetermined period and airflow through the sensor is maintained above a 
minimum predetermined flow rate. 

8. A trap for absorbing output from a laser used to detect particulate matter 
passing through a detection chamber, wherein the trap includes an absorption 
plate orientated substantially at a Brewster angle to the laser light. 
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9. A trap as claimed in claim 8, arranged whereby a polarisation plane of laser 
light incident on the plate is so orientated that the plate absorbs the majority of 
the incident light. 

10. A trap as claimed in claim 8, wherein the absorption plate is constructed of the 
5 same material as the trap. 



11. 



A trap as claimed in claim 8, wherein the trap is formed integrally with a 
housing for the detection chamber. 
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